30
match the results to those obtained by the standard method.
In summary, none of the instruments as yet will work in all patients, they will fail at low systolic pressures, and even the best will be sensitive to movement artifacts and are therefore unsuitable for use on disturbed patients. Nevertheless, under reasonably favourable conditions, instruments such as the H1matonograph can give days or even weeks of regular measurements, with a degree of reproducibility which would be difficult and very laborious to attain using manual methods. The incidence of venous air embolism in patients having suboccipital craniectomies in the sitting position is variously quoted as 1-15% (Hunter 1962 , Michenfelder et al. 1966 , Tisovec & Hamilton 1967 . The diagnosis depends on the detection of changes in the cardiopulmonary system or of the murmur and alterations in heart sounds produced by the air bubbles.
Detection of Air Embolus by
The direct methods of detecting air include the precordial or cesophageal stethoscope. Durant et al. (1947) described the classical millwheel murmur after 20-100 ml of intravenous air in dogs; Shivpuri et al. (1959) described an earlier 'drum sign' after 10-12 ml. Marshall (1965) , using an oesophageal stethoscope, heard a tinkling systolic murmur in patients 30 seconds before any change in the respiration or blood pressure.
The Doppler Ultrasonic Flow Detector (Rushmer et al. 1966) was designed for determining intravascular flow though intact skin. Gillis et al. (1968) and Maroon et al. (1968) have used this instrument to detect venous air embolism in animals. If an ultrasonic wave hits a blood-air interface (which is an excellent reflector of sound waves), the signals reflected are of greater amplitude than those of the background blood flow, and can be easily differentiated when reproduced through a loudspeaker. The size of the air bubble that can be detected is obviously small. Maroon et al. were able to detect 0-12-0 25 ml of intracardiac air. No changes in the electrocardiogram, blood pressure or end-tidal carbon dioxide tension were noted.
Dr Maroon and I have used this principle for monitoring during neurosurgery. The instrument is identical to that used for feetal heart detection. It produced continuous ultrasound at 2-25 MHz and the maximum reflection or focal point in the tissues is approximately 10 cm. The transducer is placed on the 3rd or 4th (right or left) intercostal space as close to the sternum as possible. Evaluation of the method is still in progress, but so far 31 patients have been monitored, 11 in the sitting position. In 3 of the 11 patients the classical signs of air embolism were noted up to thirty seconds after the characteristic Doppler air sounds were heard. These sounds were also heard in another 11 patients, but were unaccompanied by cardiopulmonary changes. In 4 instances they were caused by a small bubble in the drip tubing. This is an indication of the sensitivity of this method of detecting air embolism.
[A tape recording of air embolism in dogs and man detected by Doppler ultrasound was played.]
